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With the advent of Mobile Augmented Reality (MAR) technology, it has the potential to be widely used 
in learning because of its ability to deliver the learning materials from multiple perspectives. This 
paper aims to propose a combination of concepts derived from the theory of animate vision, 
multimedia learning principles, constructivism learning theory and Attention, Relevant, Confidence, 
and Satisfaction (ARCS)motivation theory. This paper recommendsthe combinationof these 
conceptsfor an exclusive mobile learning experience through the use of three-dimensional (3D) 
animated visualization. The literature review method is exploited to construct a state of the art 
theories and models. The combination of these concepts into the Mobile Augmented Reality (MAR) 
learning environment is expected to improve students’ learning motivation in science experiment. The 
results of this study are valuable for students, teachers, instructors and researchers interested in 
applying Mobile Augmented Reality inlearning. 
Index Terms: Mobile Augmented Reality, Science Experiment, Motivation, Animated Visualization, 
Constructivism, Multimedia Learning Principles 
 
Introduction 
Adapting technology to teaching and learning is about presenting the learning materialcreatively and 
accurately. The current generation of students prefer active learning and technology-based learning. 
Thus, good and impactful learning experiencesand in this case science experiments are needed to 
stimulate the students’ imagination while they were still in school. The amount of knowledge that 
they gain in school determines whether they will be inventors or end-users of technology. A 140-
minutes science learning experience per week,is not enough for them to understand everything. The 
science concept and its content are challenging to be fully delivered to students within a limited time. 
Moreover, in a classroom, the students have diverse academic backgrounds. Therefore, a 
supplementary tool is needed to help the students to understand a particular science phenomenon 
precisely and clearly.Hence, this paper suggests the use of MARfor science experiments. 
MAR offers independence and the ability for hands-on through a virtual world.It streamlines the 
cognitive effort to understand or achieve mastery in performing a science experiment.Besides, MAR 
also offers animated 3D visualizations to explain a content from various angle[1], [2]. Experts concur 
that MARlearning environment provides the opportunity to develop expertise in their areas of interest 
[3], [4], stimulate higher order thinking (HOT), and provide confidence to raise questions for more in-
depth understanding [5]. 
Learning science experiments is to gain a deeper understanding of scientific phenomena rather than to 
memorize them without understanding them [6]. [7], [8] agreed that the collaboration 
betweentechnology and education is significant. Technology intervention offers students a new 
perspective and vision of science experiments [9], [10]. The following section discusses on the 
augmented reality using mobile devices. 
 
Augmented Reality Using Mobile Devices 
Augmented Reality (AR) wasintroduced in the 1960sby Ivan Sutherland after after he successfully 
invented the first Head-Mounted Display (HMD) as a viewing device. The word "augment" refers to 
an improved environment or object; while "reality" refers to actuality or authenticity. AR experienced 
slow growth due to several challenges such as social reputation [11], usability [11], funding for new 
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projects, lack of time [12], lack of awareness of efficiency levels [13], and hesitation of previous 
generations to adoptchanges. 
Besides, three crucial benchmarksrecommended by the guru to createan AR project which include; (i) 
a combination of real and digital environments, (ii) the virtual should be on the real world, and (iii) 
3D registration is requisite[14]. [15] suggest that AR is closer to the real world with the addition of 
enhanced environment or object. They illustrate that AR overlays the computer-generated 
environment as exist in the real life. The computer-generated environment or object can demonstrate 
through the use of various devices. Initially,the HMD was utilized to connect with the virtual 
environment. The limitations of the device such as expensive and make users cumbersome reduces the 
interest towards the device.Then, the interest shifted towards PC/desktop and laptops with internal or 
external cameras, Android, or iOS handheld devices. Electronic devices play a significant role in 
everyone's life for multiple purposes. Mobile or tablets are among the most utilized devices. The 
specifications of handheld devices fulfill the younger generations' demands [16], [17]. The percentage 
of mobile users is steadily increasing every year. Previously, the academicians did not widely accept 
the use of mobile technology for the teaching and learning purposes. They were sceptical of the high 
tendency for students to misuse the devices and this might affect their learning achievement. Then, it 
is of great interest to researchers, academics, and students because of its mobility and usability with 
safety measures such as being guided by teachers or parents when they need to use the 
device.Therefore, initial studies introduce MAR learning environment as a teacher based learning tool 
where the permission and guidance of a teacher is required.  
Besides that, MAR applications are categorized as marker-based and markerless-based 
applications[18]. Marker-based MAR application is triggered by a unique design or graphics using a 
mobile or tablet camera[18], [19]to display the virtual content. Markerless-basedMAR applications 
are triggered by specific location where the global positioning system (GPS) detects the physical 
spotthrough the use of a handheld device [19], [20]. Besides, there are several obstacles to using the 
markerless-based MAR application through the use of handheld devices. It takes time to scan, load, 
and trigger the virtual content of a place or building, to determine navigation inequality, and to 
distinguish between real and virtual[21]. However, the Marker-based MAR application excludes the 
limitations mentioned above and ensures the learning process is smooth and constructive. 
Mobile AR was initially used as a tour guide application for heritage sites [22]. Then, MAR was used 
as a game-based learning tool[23]. They developed the first MAR game known as the AR Quake in 
2000 [19]. Later, [24]proposed a CONNECT approach to teaching science. The CONNECT project 
offers pedagogical and technological methods that combine faculty and museums with technological 
knowledge. [25]utilisedubiquitous computing, sensor technology, and information technology to 
develop a ubiquitous learningenvironment called EULER for supporting Natural Science learning 
based on radio frequency identification (RFID) to implement beyond classroom pedagogical 
problems. Many issuesarise during outdoor teaching especially for learning with facts about history, 
unique animals, and surrounding scenery.A case study of natural science learning with the help of 
EULER was conducted in a classroom at Guandu Nature Park in Taiwan [25]. The results showed that 
EULER positively enhances motivation [25]. EULER consists of a mobile-based interactive learning 
environment for teachers and mobile devices (m-Tools) for students. The AR applications set trends 
to be compatible for an informal or outdoor learning environment until [26] introduce Immersive 
Outdoor Blended Learning Environment Mobile Ecosystem abbreviated as EcoMobile. EcoMobile is 
the first learning application created by [26]for virtual ecosystems [27].EcoMobile proved that AR 
application is beneficial for outdoor as well as formal learning environment.  
Further, learning is crucial for students to develop motivation and maintain perseverance in learning 
science experiment. MAR provides the opportunity to deliver the content creatively. MAR plays a 
significant role in delivering content effectively andprecisely. Therefore, a combination of theories is 
needed to determine the specifications needed to enhance motivation in learning science experiments. 
The following sectioncdiscuss a combination of theories and models such as animate vision theory, 
cognitive principles of multimedia learning, constructivism learning theory, and ARCS model.  
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Animate Vision Theory 
Animate vision theory comprises of gaze control that enables the role of digital camera coordinates in 
response to body stimuli. The most important action is the potential to control the direction of the 
gaze such as left-right and up-down [28], [29], [30], [31], [32]. Moreover, the idea of an animate 
vision is related to the visual principle of acting and moving in the real environment [32], [33]. 
MAR seems to be an exciting platform to capture the scene. The studentsconnect to the virtual 
environment by tilting and rotating the object (physical movement). This idea explains the importance 
of maintaining a sense of bodily presence and control of the body. Only a few studies included 
animate vision theory in line with the MAR environment [33], [34]. [33] showed that the interaction 
represented was a natural visualization of computer-generated material based on the animate vision 
theory. MAR allows students to use their hands and the whole body to change the visualization 
perspective and receive instant output. The instant learning reduces time to complete problem-solving 
tasks. [33] considered the first MAR to enable physical manipulation, seeing how technology supports 
active learning about spatial relationships.The 3D animated visualization is related to the 
wayinformation is presentedaesthetically. Beyond that, the accuracy of an information isessential. 
Hence, several principles are included to deliver accurate and helpful information. 
 
Cognitive Principles of Multimedia Learning in Science 
Multimedia is a medium for communicating information in the form of text, audio, graphic, video, 
and animation. The combination of multiple mediabenefitsin conveyinginformation effectively. The 
effective presentation assistin gainingan in-depth knowledge through the use of visualizationand 
interaction. The various learning principles includes effort to present an effective lessons. Therefore, 
this paper incorporates multimedia principles.  
 It is classified into three main goals of instruction which include; reducing external processing, 
managingthe essential processing, and fostering generative processing [35]. Reducing extraneous 
cognitive processing comprises of coherence principle, signalling principle, redundancy principle, 
spatial contiguity principle, and temporal contiguityprinciple. A progressed learning is when 
extraneous words, pictures, and sounds are excluded [35], [36]. The further essential process 
contained segmenting principle, pre-training principle and modality principle [35]. The goal of the 
final instruction is to foster generative cognitive processes, including personalization principle, voice 
principle, implementation principle, and image principle.  
Multimedia principles consist of 12 learning principles and for thepurpose of this study six of them 
were included. They are coherence principle, spatial contiguity principle, temporal contiguity 
principle, segmentating principle, pre-training principle, and multimedia principle. Figure 1 shows the 
principles of multimedia learning and the description of each principle. The coherence principle is 
about eliminating all the extraneous words, images, and sound effects. This principle is used to foster 
critical thinking and understanding among students. The students tend to focus when the external 
narration or sound effects are excluded. They  have no choice but to focus on what they are learning. 
[37] concur that students achieve better when extreme phrases and sounds are excluded. It contributes 
to language barriers in science learning where students have difficulty in understanding the concept 
due to weak language literacy. Spatial contiguity principle affording the text and images nearer to the 
screen. Meanwhile, the temporal contiguity principle provides text and images together. Besides, the 
segmenting principle is used to reduce cognitive load issues in AR [38]. Hence, the current study 
applied the principle by separating the experiment into a small unit not as a continuous experiment. 
Then, the pre-training principleis utilized to provide details on science experimental equipment and 
materials. Lastly, the multimedia principle is applied to emphasize images and text together rather 
than text alone. 
Multimedia elements offer productive, multi-sensory learning. They help to transfer information 
accurately and effectively. In addition, the 3D model also promises three-dimensional learning 
experiences. Each multimedia element has unique features that offer exciting opportunity to gain 
knowledge. Through the use of 3D model, it has provided an opportunity to have fun manipulating the 
content as learning takes place[39]. The animated 3D model deliversinformation accurately to 
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students. The right and concise informationprovides comfort to continuouslyimprove their expertise in 




























Figure 1. Multimedia Principles and Description 
 
Constructivist Theory 
John Dewey [40] has often been referred as the philosophical founder of this method [41], [42] and 
has beenconsidered as the leading theorist of various cognitive constructivists, while [43] is the main 
theorist or social constructivist. 
Constructivism focuses on acquiring knowledge of how to think, understand, and convert to others 
[44], [45]. This is in line with previous studies, self-assurance of their skills and knowledge lacked 
among students. These conditions influence motivation towards learning [46], [47]. Besides, 
constructivism provides students with real experiences and offers active learning [48]. MAR has the 
potential to provide discovery, collaboration, and simulation experiences that foster critical 
visualization and thinking skills in understanding the experimental science and concepts. The 
aggregate of constructivism and visualization offers continuous progress for students [49]. 
[50] mentioned that "learning is not just observation and instruction". Students need to actively move 
and participate in a classroom. They should be provided with the opportunity to choose their 
activities, discover new things, share new knowledge and insights among classmates and 
teachers.Rather than just listening to the lesson, memorizing, and providing prepared answers in 
examinations with zero experience. They should be providedwith the freedom and platform  toread, 
write and convey what they know based on their own research on the respective subject matter. 
Instead of feeding them with the answers.Constructivism, therefore, is often used in the MAR 
platform to enable students to play their role in active and independent learning activities. 
Keller's Motivation 
Motivation is the force to persevere and keep moving towardsachieving the desired goal. Figure 2 
shows the Keller's Attention, Relevance, Confidence, and Satisfaction (ARCS) model. The ARCS 
Descriptions  Multimedia Principles  
Coherence Principle  
All the extraneous word, 
images and sound effects 
excluded  
Text and images are nearer  Spatial Contiguity 
Principle  





User paced units rather than 
continuous unit 
Segmenting Principle  
Better learning occur whilst 
realize the names and traits of 
the idea 
Pre-training Principle  
Words and images rather than 
text alone Multimedia Principle  
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modelis a comprehensive concept for developing motivation in the education domain. Keller develops 
a student-centered design model based on behavior, cognitivism, and humanism [51]. The root of all 
the concepts mentioned above originates from the theory of expectations [52]. [53]stated that the 
primary concern is on attitude such as students' ability to do something (prerequisite skills). Keller's 
ARCS concept extendsthe ability of students' active movement towards learning performance [54]. 
[55]statedthat cognitivism, in which external factors influence one's motivation and Keller extends it 
to the natural state [51]. Humanism is a pedagogical method that believes in recognizing as an 
individual act to achieve the aspired goal. The process beginswith grabbing theattention of students 




Figure 2. Keller's Motivation Model 
 
Discussion and Conclusion 
Learning and experience can be obtained only through the process of self-study of the individual. As 
Albert Einstein explains, "A fool can know. His purpose is to understand." So, the ability to 
understand the concept makes the difference in the learning performance. Critical intelligence is 
essential in learning science experiment. Learning science experiments is complicated,but it is 
possible if someone can understand the concept. Therefore, the MAR platform is capable of 
uncovering important information that is not visible to the naked eyes. The idea is to interact with the 
virtual content on top of the real environment. The virtual content of 3D visuals is exciting. According 
to [56], learning technologies and tools help to master complex subjects. They generally acknowledge 
that deeper learning can be achieved through active participation and interaction rather than merely 
listening to the teacher’s presentations in the classroom. The more interactionswith the senses of 
sound, sight, touch and emotion, the more successful the learning will be.The ability of students to 
learn is different so these innovations provide ways to differentiate learning in groups [57], [58]. 
MAR is an advanced technology which has been developed to support student-centered learning in 
the classroom [59]. 
Therefore, this study discusses a combination of the animated theory of vision, multimedia learning 
cognitive principles, constructivism theory, and ARCS model as shown in Figure 3 to align with the 
MAR learning platform and add more value to it.The intention is to formulate a complete, real-life 
like MAR learning environment in order to develop learning motivation in science experiment. The 
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limitations and can be practiced in the real-life environment. In short, the proposed concept 
anticipated to triggerand develop students' learning motivation in science experiment. 
 
 
Figure 3. Combination of Concepts 
 
Acknowledgments 
Our deepest gratitude goes to the Ministry of Education for supporting us by funding the Fundamental 
Research Grant Scheme (FRGS), and our utmost gratitude also goes to Universiti Utara Malaysia for 
other supports and facilities provided that have facilitated the research process along this year. 
 
References  
1. S. H. Hsiao, C. S. Chang, C. Y. Lin and Y. Z. Wang, "Weather observers: a manipulative 
augmented reality system for weather simulations at home, in the classroom, and at a 
museum,"Interactive Learning Environments, vol. 24, no.1, pp. 205-223, 2016. 
2. A. Nachairit, and N. Srisawasdi, " Using Mobile Augmented Reality for Chemistry Learning 
of Acid-base Titration: Correlation between Motivation and Perception," 2015. 
3. C. Pribeanu, A. Balog, and D. D. Iordache, "Measuring the perceived quality of an AR-based 
learning application: a multidimensional model,” Interactive Learning Environments,  pp. 1-
14, 2016. 
4. M. B. Ibáñez, A. Di-Serio, D. Villarán-Molina, and C. Delgado-Kloos, " Support for 
Augmented Reality Simulation Systems: The Effects of Scaffolding on Learning Outcomes 
and Behavior Patterns, " vol.9, no.1, pp. 46-56, 2016. 
5. K. T. Ng and A. T. Correnna, " Information and communication technology (ICT) in science 
education: lesson learned and the way forward,” 2013. 
6. L. Línková, "Activating learners in English language teaching,"2008. 
7. A. Muller, D. A. Muller, J. Eklund, and M. D. Sharma, " The future of multimedia learning: 
Essential issues for research," 2006. 
8. L. Cuban," Teachers and machines: The classroom use of technology since 1920, “Teachers 
College Press, 1986. 
9. R. R. Rasalingam, B. Muniandy, and R. Rass, " Exploring the application of Augmented 
Reality technology in early childhood classroom in Malaysia,"Journal of Research & Method 
in Education (IOSR-JRME), vol. 4, no. 5, pp. 33-40, 2014. 










International Journal of Advanced Science and Technology 
Vol. 29, No. 6, (2020), pp. 214-222 
 
 
220 ISSN: 2005-4238 IJAST  
Copyright ⓒ 2020 SERSC 
 
 
10. M. E. Sachou, "Innovative methods of teaching,"In International Conference the Future of 
Education, 2013. 
11. M. Mekni, and A. Lemieux, "Augmented Reality: Applications, challenges and future 
trends,"proc. International Conference on Applied Computer and Applied Computational 
Science,  pp. 23-25, 2014. 
12. E. Solak, and R. Cakir, "Exploring the effect of materials designed with Augmented Reality 
on language learners' vocabulary learning,"Journal of Educators Online, vol. 12, no. 2, pp. 
50-72, 2015. 
13. K. Lee, "Augmented reality in education and training, "TechTrends, vol. 56, no. 2, pp. 13-21, 
2012. 
14. R. T. Azuma, "A survey of Augmented Reality,"Presence, vol. 6, no. 4, pp. 355–385, 1997. 
15. P. Milgram, H. Takemura, A. Utsumi, and F. Kishino, "Augmented reality: A class of 
displays on the reality-virtuality continuum," Photonics for industrial applications. 
International Society for Optics and Photonics, 1995. 
16. S. Kucuk, S. Kapakin, and Y. Goktas, " Learning anatomy via mobile augmented reality: 
effects on achievement and cognitive load,"Anatomical sciences education, 2016. 
17. M. Akcayir, G. Akcayir, H. M. Pektas, and M. A. Ocak, "Augmented reality in science 
laboratories: The effects of augmented reality on university students’laboratory skills and 
attitudes toward science laboratories," Computers in Human Behavior, vol. 57, pp. 334-342, 
2016. 
18. C. Carbonell Carrera, and L.A. Bermejo Asensio, “Augmented reality as a digital 
teachingenvironment to develop spatial thinking,” Cartography and Geographic Information 
Science, pp. 1-12, 2016. 
19. F. Saltan and O. Arslan, “The use of augmented reality informal education: A scoping 
review. Eurasia Journal of Mathematics, Science & Technology Education”, vol. 13, no. 2, 
pp. 503-520, 2017. 
20. M. Bower, C. Howe, N. McCredie, A. Robinson, and D. Grover, “Augmented Reality in 
education–cases, places and potentials,” Educational Media International, vol. 51, no. 1, pp. 
1-15, 2014. 
21. H. K. Wu, S. W. Y. Lee, H. Y. Chang, and J. C. Liang, "Current status, opportunities and 
challenges of augmented reality in education,” Computers & Education, vol. 62, pp. 41-49, 
2013. 
22. S. Feiner, B. MacIntyre, T. Höllerer, and A. Webster, “A touring machine: Prototyping 3D 
mobile augmented reality systems for exploring the urban environment,” Personal 
Technologies, vol. 1, no. 4, pp.208-217, 1997. 
23. B. Thomas, B. Close, J. Donoghue, J. Squires, P. De Bondi, M. Morris, and W. Piekarski, 
“AR Quake: An outdoor/indoor augmented reality first person application,” In Wearable 
computers, the fourth international symposium, pp. 139-146. 2000. 
24. S. Sotiriou, S. Anastopoulou, S. Rosenfeld, O. Aharoni, A. Hofstein, F. Bogner, H. Sturm and 
K. Hoeksema, “Visualizing the invisible: The CONNECT approach for teaching science,” 
In Sixth IEEE International Conference on Advanced Learning Technologies (ICALT'06), pp. 
1084-1086, 2006. 
25. T. H. Tan, T.Y. Liu, and C. C. Chang, C. C. “Development and evaluation of an RFID-based 
ubiquitous learning environment for outdoor learning,” Interactive Learning Environments, 
vol. 15, no.3, pp. 253-269, 2007. 
26. A.M. Kamarainen, S. Metcalf, T. Grotzer, A. Browne, D. Mazzuca, M.S. Tutwiler, and C. 
Dede, “EcoMOBILE: Integrating augmented reality and probeware with environmental 
education field trips,” Computers & Education, vol. 68, pp.545-556, 2013. 
27. K. Burden, and M. Kearney, “Conceptualising authentic mobile learning,” In Mobile learning 
design, pp. 27-42, 2016. 
28. D.H. Ballard, “Animate Vision.” In Computer Vision, pp. 31-36, 2014. 
29. L. Itti and P.F. Baldi, “Bayesian surprise attract human attention.” In Advances in neural 
information processing systems, pp. 547-554, 2006. 
30. M. Hayhoe and D. Ballard, “Eye movements in natural behavior.” Trends in cognitive 
sciences, vol. 9, no. 4, pp.188-194, 2005. 
International Journal of Advanced Science and Technology 
Vol. 29, No. 6, (2020), pp. 214-222 
 
 
221 ISSN: 2005-4238 IJAST  
Copyright ⓒ 2020 SERSC 
 
 
31. C. L. Folk, R.W. Remington, and J.H Wright, “The structure of attentional control: contingent 
attentional capture by apparent motion, abrupt onset, and color.”  Journal of Experimental 
Psychology: Human perception and performance, vol. 20, no.2, pp.317,1994. 
32. D.H. Ballard, “Animate vision.” ArtifIntell, vol. 48, no.1, pp.57–86,1991. 
33. B.E. Shelton and N. R. Hedley, “Exploring a cognitive basis for learning spatial relationships 
with augmented reality.” Technology, Instruction, Cognition and Learning, vol. 1, no.4, 
pp.323, 2004. 
34. M. E. C. Santos, A. Chen, T. Taketomi, G. Yamamoto, J. Miyazaki, and H. Kato, “Inherent 
advantages of Augmented Reality for K–12 education.”, 2014. 
35. R.E. Mayer, “Incorporating motivation into multimedia learning,” Learning and Instruction, 
vol. 29, pp. 171-173, 2014.  
36. R. E. Mayer, “Multimedia Learning,” Cambridge, United Kingdom: Cambridge University 
Press, 2001. 
37. M.T. Marino, “Defining a technology research agenda for elementary and secondary students 
with learning and other high-incidence disabilities in inclusive science classrooms.” Journal 
of Special Education Technology, vol. 25, no.1, pp.1-27, 2010. 
38. M. Akçayır and G. Akçayır, “Advantages and challenges associated with augmented reality 
for education: A systematic review of the literature.” Educational Research Review, vol. 20, 
pp. 1-11, 2017. 
39. V. Gopalan, J.A.A. Bakar, A.N. Zulkifli, and A. Alwi, “A review of augmented multimedia 
elements in science learning,” Journal of Telecommunication, Electronic and Computer 
Engineering (JTEC), vol. 10, no. 1-10, pp. 87-92, 2018. 
40. J. Dewey, How we think (Rev. ed.). Boston, MA: Houghton Mifflin Company, 1933/1998. 
41. J. Bruner, Acts of meaning. Cambridge, MA: Harvard University Press, 1990. 
42. J. Piaget, The psychology of the child. New York: Basic Books., 1972. 
43. L. S. Vygotsky, Mind in society. Cambridge, MA: Harvard University Press, 1978. 
44. R. Wojciechowski and W. Cellary, “Evaluation of learners’ attitude toward learning in 
ARIES augmented reality environments.” Computers & Education, vol. 68, pp. 570-585, 
2013. 
45. C.T. Fosnot, “Constructivism: Theory, perspectives, and practice.” Teachers College Press, 
2013. 
46. R.S. Prawat and R.E. Floden, “Philosophical perspectives on constructivist views of 
learning.” Educational Psychologist, col. 29, no.1, pp.37-48, 1994. 
47. E. Von Glasersfeld, “Constructivism in education.” , 1989. 
48. H. M. Huang, U. Rauch and S.S. Liaw, “Investigating learners’ attitudes toward virtual reality 
learning environments: Based on a constructivist approach.” Computers & Education, vol. 55, 
no.3, pp. 1171-1182, 2010. 
49. H.Y. Chang, Y.S. Hsu, and H. K. Wu, “A comparison study of augmented reality versus 
interactive simulation technology to support student learning of a socio-scientific 
issue.” Interactive learning environments, vol. 24, no.6, pp.1148-1161, 2016. 
50. A.W. Chickering and Z. F. Gamson, “Seven principles for good practice in undergraduate 
education.” AAHE bulletin, vol. 3, no. 7, 1987. 
51. J. Keller, “Strategies for stimulating the motivation to learn,” Performance& Instruction, vol. 
26, no. 8, pp. 1-7,1987a, DOI: 10.1002/pfi.4160260802. 
52. V. H. Vroom, “Work and motivation,” New York, NY: Wiley, 1964. 
53. R. Gagne, “The conditions of learning,” New York, NY: Holt, Rinehart, & Winston, 1965. 
54. J. Keller, “Motivational design of instruction. In C.M. Reigeluth (Eds.),” Instructional design 
theories and models: An overview of their current status, pp. 383-434, Hillsdale, NJ: 
Lawrence Erlbaum Publisher, 1983. 
55. B. F. Skinner, “The technology of teaching,” New York, NY: Appleton-Century Crofts, 1968. 
56. C. Au and N. Entwistle, “Memorisation with understanding in approaches to studying: 
cultural variant or response to assessment demands,” In European Association for Research 
on Learning and Instruction Conference, 1999. 
International Journal of Advanced Science and Technology 
Vol. 29, No. 6, (2020), pp. 214-222 
 
 
222 ISSN: 2005-4238 IJAST  
Copyright ⓒ 2020 SERSC 
 
 
57. C. Dede, “Theoretical perspectives influencing the use of information technology in teaching 
and learning,” In International handbook of information technology in primary and secondary 
education, pp. 43-62, 2008. 
58. C. Dede and J. Richards, J. (Eds.), “Digital teaching platforms: Customizing classroom 
learning for each student,” Teachers College Press, 2012. 
59. M. Hannafin, S. Land, and K. Oliver, “Open learning environments: Foundations, methods, 
and models,” Instructional-design theories and models: A new paradigm of instructional 
theory, vol. 2, pp.115-140,1999. 
 
 
